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SIGNAL, AND RECORDED MEDIUM WHERE THE PROGRAM IS RECORDED 



(57) A signal power coefficient- and a noise power 
coefficient are calculated for each channel, using pa- 
rameters which have been optimized up to a small error 
value by an optimizing means, then using the thus cal- 
culated signal power coefficient and noise power coef- 
ficient, there are determined a signal power and a noise 
power for each channel, and the signal power and the 
noise power thus determined are displayed on one and 
same display screen channel by channel. 
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Description 

FIELD OF ART 

5 [0001] The present invention relates to the display of CDMA signal waveform quality. 
BACKGROUND ART 

[0002] The applicant in the present case has previously proposed such a CDMA signal waveform quality measuring 
10 method as disclosed in Japanese Patent Laid Open No. 1 73628/1 998. Fig. 1 3 shows an example of power display of 
various channels as measured by the measuring method disclosed therein. 

[0003] In Fig. 13, electric power W is plotted along the axis of ordinate, while channels CH are plotted along the axis 
of abscissa. In the example of Fig. 13, Walsh code length is set at ,l 32" to permit connection of 32-channel lines, and 
a state is shown in which channels 0, 1 , 3, 5, 7, 9, 11 , 13 ... 29, and 31 are generating signals. 
15 [0004] According to the conventional method for displaying the result of CDMAsignal waveform quality measurement, 
a signal power of each channel is merely displayed and the measurement of noise level is not performed. Particularly, 
the measurement of noise level is an important parameter, for example, in case of building a base station for portable 
radio communication and making tests. 

[0005] It is an object of the present invention to provide a CDMA signal waveform quality display system capable of 
20 measuring a noise level for each channel and displaying the result of the noise level measurement on a power display 
screen and further capable of displaying both signal power and noise power of each channel on one and same screen. 

DISCLOSURE OF THE INVENTION 

25 [0006] According to the present invention as described in claim 1 , a CDMA signal waveform quality display system 
includes: an orthogonal transformer for orthogonal transformation of a digital measurement signal in each channel into 
a base band signal and correcting a carrier frequency error; a demodulator for demodulating the measurement signal 
in each channel corrected by the orthogonal transformer to afford demodulated data and an amplitude value; an ideal 
signal generator for generating an ideal signal in each channel from the demodulated data, the amplitude value, and 

30 estimated parameters; a parameter estimator for estimating various parameters in each channel from the ideal signal 
in each channel and the corrected measurement signal in each channel; an optimizing unit which, using the estimated 
parameters, performs the correction in the orthogonal transformer and the generation of the ideal signal in the ideal 
signal generator, further performing the processings in the demodulator and the parameter estimator, and which repeats 
the correction, demodulation, and estimation until the estimated parameters are optimized; a power coefficient calcu- 

35 lator which calculates a power coefficient of the measurement signal in each channel in the optimized state in the 
optimizing unit; a noise power coefficient calculator which calculates a noise coefficient channel by channel; and a 
calculation result display which determines a signal power and a noise power on the basis of the power coefficient in 
each channel calculated in the power coefficient calculator and the noise power coefficient in each channel calculated 
in the noise power coefficient calculator and which displays the signal power and noise power on one and same display. 

40 [0007] According to the present invention as described in claim 2, a CDMA signal waveform quality display system 
includes: a power measuring unit for measuring a signal component power of a signal to be measured in a certain 
specific channel to be measured; a noise component power measuring unit for measuring a noise component power 
of the signal to be measured in the channel to be measured; and a calculation result display unit for displaying a graph 
having a length proportional to the value of the signal component power and a graph having a length proportional to 

45 the value of the noise component power in such a manner that in a longitudinal direction of one of the graphs there is 
disposed the other graph. 

[0008] The present invention as described in claim 3, is a CDMA signal waveform quality display system according 
to claim 2, wherein in the case where the channel to be measured is free of the signal component power, the calculation 
result display unit displays the graph having a length proportional to the value of the noise component power. 
so [0009] The present invention as described in claim 4, is a CDMA signal waveform quality display system according 
to claim 2 or claim 3, wherein the calculation result display unit causes a marker to be displayed on a display surface 
and displays the value of the signal component power and of the noise component power in a position indicated by 
the marker. 

[0010] The present invention as described in claim 5, is a CDMA signal waveform quality display system according 
55 to claim 2, wherein the calculation result display unit displays the graphs in such an arranged state of the graphs as 
avoids overlapping of the graphs, the graphs each having a width corresponding to a band width which is determined 
by a diffusion code length corresponding to the channel to be measured. 

[0011] The present invention as described in claim 6, is a CDMA signal waveform quality display system according 
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to claim 5, wherein the calculation result display unit displays the graphs in such a state as the graphs are arranged 
in accordance with Paley order to avoid overlapping of the graphs. 

[0012] According to the present invention as described in claim 7. a CDMA signal waveform quality display method 
includes: an orthogonal transformation step for orthogonal transformation of a digital measurement signal in each 
5 channel into a base band signal and correcting a carrier frequency error; a demodulating step for demodulating the 
measurement signal in each channel corrected by the orthogonal transformation step to afford demodulated data and 
an amplitude value; an ideal signal generating step for generating an ideal signal in each channel from the demodulated 
data, the amplitude value, and estimated parameters; a parameter estimating step for estimating various parameters 
in each channel from the ideal signal in each channel and the corrected measurement signal in each channel; an 

10 optimizing step which, using the estimated parameters, performs the correction in the orthogonal transformation step 
and the generation of the ideal signal in the ideal signal generating step, further performing the processings in the 
demodulating step and the parameter estimating step, and which repeats the correction, demodulation, and estimation 
until the estimated parameters are optimized; a power coefficient calculating step which calculates a power coefficient 
of the measurement signal in each channel in the optimized state in the optimizing step; a noise power coefficient 

15 calculating step which calculates a noise coefficient channel by channel; and a calculation result display step which 
determines a signal power and a noise power on the basis of the power coefficient in each channel calculated in the 
power coefficient calculating step and the noise power coefficient in each channel calculated in the noise power coef- 
ficient calculating step and which displays the signal power and noise poweron one and same display 
[0013] According to the present invention as described in claim 8, a CDMA signal waveform quality display method 

20 includes: a power measuring step for measuring a signal component power of a signal to be measured in a certain 
specific channel to be measured; a noise component power measuring step for measuring a noise component power 
of the signal to be measured in the channel to be measured; and a calculation result display step for displaying a graph 
having a length proportional to the value of the signal component power and a graph having a length proportional to 
the value of the noise component power in such a manner that in a longitudinal direction of one of the graphs there is 

25 disposed the other graph. 

[0014] The present invention as described in claim 9, is a program of instructions for execution by the computer to 
perform a CDMA signal waveform quality display processing, the CDMA signal waveform quality display processing 
including: an orthogonal transformation process for orthogonal transformation of a digital measurement signal in each 
channel into a base band signal and correcting a carrier frequency error; a demodulating process for demodulating 

30 the measurement signal in each channel corrected by the orthogonal transformation process to afford demodulated 
data and an amplitude value; an ideal signal generating process for generating an ideal signal in each channel from 
the demodulated data, the amplitude value, and estimated parameters; a parameter estimating process for estimating 
various parameters in each channel from the ideal signal in each channel and the corrected measurement signal in 
each channel; an optimizing process which, using the estimated parameters, performs the correction in the orthogonal 

35 transformation process and the generation of the ideal signal in the ideal signal generating process, further performing 
the processings in the demodulating process and the parameter estimating process, and which repeats the correction, 
demodulation, and estimation until the estimated parameters are optimized; a power coefficient calculating process 
which calculates a power coefficient of the measurement signal in each channel in the optimized state in the optimizing 
process; a noise power coefficient calculating process which calculates a noise coefficient channel by channel; and a 

40 calculation result display process which determines a signal power and a noise power on the basis of the power coef- 
ficient in each channel calculated in the power coefficient calculating process and the noise power coefficient in each 
channel calculated in the noise power coefficient calculating process and which displays the signal power and noise 
power on one and same display. 

[001 5] The present invention as described in claim 1 0, is a program of instructions for execution by the computer to 
45 perform a CDMA signal waveform quality display processing, the CDMA signal waveform quality display processing 
including: a power measuring process for measuring a signal component power of a signal to be measured in a certain 
specific channel to be measured; a noise component power measuring process for measuring a noise component 
power of the signal to be measured in the channel to be measured; and a calculation result display process for displaying 
a graph having a length proportional to the value of the signal component power and a graph having a length proportional 
so to the value of the noise component power in such a manner that in a longitudinal direction of one of the graphs there 
is disposed the other graph. 

[0016] The present invention as described in claim 11 , is a computer-readable medium having a program of instruc- 
tions for execution by the computer to perform a CDMA signal waveform quality display processing, the CDMA signal 
waveform quality display processing including: an orthogonal transformation process for orthogonal transformation of 
55 a digital measurement signal in each channel into a base band signal and correcting a carrier frequency error; a de- 
modulating process for demodulating the measurement signal in each channel corrected by the orthogonal transfor- 
mation process to afford demodulated data and an amplitude value; an ideal signal generating process for generating 
an ideal signal in each channel from the demodulated data, the amplitude value, and estimated parameters; a parameter 
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estimating process for estimating various parameters in each channel from the ideal signal in each channel and the 
corrected measurement signal in each channel; an optimizing process which, using the estimated parameters, performs 
the correction in the orthogonal transformation process and the generation of the ideal signal in the ideal signal gen- 
erating process, further performing the processings in the demodulating process and the parameter estimating process, 

5 and which repeats the correction, demodulation, and estimation until the estimated parameters are optimized; a power 
coefficient calculating process which calculates a power coefficient of the measurement signal in each channel in the 
optimized state in the optimizing process; a noise power coefficient calculating process which calculates a noise co- 
efficient channel by channel; and a calculation result display process which determines a signal power and a noise 
power on the basis of the power coefficient in each channel calculated in the power coefficient calculating process and 

10 the noise power coefficient in each channel calculated in the noise power coefficient calculating process and which 
displays the signal power and noise power on one and same display. 

[0017] The present invention as described in claim 12, is a computer-readable medium having a program of instruc- 
tions for execution by the computer to perform a CDMA signal waveform quality display processing, the CDMA signal 
waveform quality display processing including: a power measuring process for measuring a signal component power 

15 of a signal to be measured in a certain specific channel to be measured; a noise component power measuring process 
for measuring a noise component power of the signal to be measured in the channel to be measured; and a calculation 
result display process for displaying a graph having a length proportional to the value of the signal component power 
and a graph having a length proportional to the value of the noise component power in such a manner that in a longi- 
tudinal direction of one of the graphs there is disposed the other graph. 

20 [0018] According to the present invention, since not only a signal power of each channel but also a noise power of 
each channel in CDMA signal is displayed on the same screen, it is possible to know a signal-to-noise ratio (S/N) 
easily. There accrues an advantage that it is possible to provide a CDMA signal waveform quality measuring system 
convenient for use. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig. 1 is a block diagram showing the construction of a CDMA signal waveform quality display system according 
30 to a first embodiment of the present invention; 

Fig. 2 is a diagram showing an example of an arithmetic expression; 
Fig. 3 is a diagram showing an example of display; 

Fig. 4 is a block diagram showing the construction of a CDMA signal waveform quality display system according 
to a second embodiment of the present invention; 
35 Fig. 5 is a flow chart showing the operation of a diffusion code length setting updating means 34A, that of a diffusion 

code number setting updating means 34B, and further showing in what state arithmetic processings are performed 
in various components; 

Fig. 6 is a diagram showing an example of display; 
Fig. 7 is a diagram showing diffusion code numbers; 
40 Fig. 8 is a diagram showing an ordinary order and Paley order in case of Walsh code length being L=8; 

Fig. 9 is a diagram showing an ordinary order and Paley order in case of Walsh code length being L=4; 
Fig. 10 is a diagram showing a layout of graphs arranged in Paley order; 
Fig. 11 is a diagram showing a layout of graphs arranged in an ordinary order; 

Fig. 12 is a diagram showing a state in which diffusion code numbers in diffusion code length L=0 has been re- 
45 arranged in accordance with Paley order; and 

Fig. 13 is a diagram showing an example of an power display of various channels in the prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

so [0020] Embodiments of the present invention will be described hereinunder with reference to the accompanying 
drawings. 

First Embodiment 

55 [0021] In Fig. 1, a frequency-diffused, multi-channel CDMA signal from a base station is inputted through an input 
terminal 11 and is converted to an intermediate frequency signal by means of a down converter 12. The intermediate 
frequency signal is amplified by an amplifier 1 3, then is bandlimited by a filter 1 4, and is thereafter converted to a digital 
signal by an A/D converter 15. The digital intermediate frequency signal from the A/D converter 15 is converted to a 
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base band signal by an orthogonal transformer 1 7 which includes a complementary filter, affording a base band meas- 
urement signal Z(k). 

[0022] The base band measurement signal Z(k) is inverse -diffused in a demodulator 25 with a diffusion code (Walsh 
code) provided from a diffusion code generator 20 and bit data is demodulated for each channel. At the same time, 
amplitude a'i (i is channel number) of each channel is detected. 

[0023] In an ideal signal generator 26 : an ideal signal Ri (i is channel number) is produced on the basis of both bit 
data provided from the demodulator 25 and diffusion code PN (Walsh code) provided from the diffusion code generator 
20. Further, in accordance with the ideal signal Ri, the following expressions are calculated to generate correction data 
Ai(k) : Bi(k) 2 Ci(k), li(k), and Hi(k): 
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[0024] The ideal signal Ri is obtained in the following manner. Demodulated bit data of each channel i provided from 
the demodulator 25 are inverse-diffused with I- and Q-side diffusion codes (Walsh codes) provided from the diffusion 
code generator 20, then chips "0" and "1" in the thus inversion-diffused I- and Q-side chip rows are converted to +J2 
and - 72, respectively to afford I and Q signals of QPSK signal with an amplitude of 1 . That is, using the ideal signal 
Ri(k-m) with a normali7ed amplitude and the amplitude a'i from the demodulator 25, there are calculated auxiliary data 
Ai(k), Bi(k), Ci(k), li(k), and Hi(k). 
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[0025] The auxiliary data Ai(k), Bi(k), Ci(k), li(k) ; and Hi(k) and the measurement signal Z(k) are inputted to a pa- 
rameter estimator 27, in which simultaneous equations shown in Fig. 2 are solved and estimate values Aai, Axi, AGi, 
and Aw are obtained as solutions thereof. Using these estimate values, the correction parameters so far used a'i, x'i, 
G'i, and oV are updated as follows in a transformer 28: 

5 



10 



15 



30 



50 



i + Aai 



x' i <— x' i + Axi 



8' i <- 9' i + A0i (6) 



[0026] Then, using the thus-corrected parameters a'i, x'i, G'i, and to', correction is made for the measurement signal 
Z(k) and the thus-corrected measurement signal 2(k) is again subjected to the processings in the demodulator 25, the 
20 ideal signal/auxiliary data generator 26, the parameter estimator 27, and the transformer 28. These processings are 
carried out until the estimate values Aai, Axi, AGi, and Ao> are optimized, that is, until reaching zero or near zero, or until 
there occurs no change of value ever with repetition. By this optimizing step, correction is made not only for the meas- 
urement signal Z(k) but also for the ideal signal Ri. 

[0027] Therefore, an optimizing means 22 is constituted by the orthogonal transformer 1 7 which includes a comple- 
25 mentary filter, the demodulator 25, the ideal signal generator 26, the parameter estimator 27, and the transformers 28 
and 29. 

[0028] Correction for the measurement signal Z(k) is made as follows relative to Z(k) of the last time: 



Z (k) <-Z(t - x' 0) (1/a' 0) 
exp[-j (0)' (t - x' 0) + 9' 0 )] (7) 

[0029] As initial values are set a'0=1, x'0=0, 6*0=0, and o)'=0, and each time estimate values are obtained in the 
35 parameter estimator 27, the expression (7) is calculated with respect to new a'i, x'i, 6'i, and w'. That is, this calculation 
for correction is made for the signal inputted to the orthogonal transformer/complementary filter 17, i.e., the output of 
the A/D converter 15. 

[0030] The calculation for correction may be performed for the measurement signal Z(k) after conversion to the base 
band. However, this base band-converted signal is a signal after having passed the complementary filer (the same 

40 pass band width as the band width of the input signal). If there is a gross frequency error, this filter processing may 
result in that a portion of the signal is removed, that is, the measurement signal to be used in parameter estimation, 
etc., is chipped. Therefore, the result of the frequency estimation is corrected at a stage which precedes the comple- 
mentary filter. But the correction may be made for the measurement signal after conversion to the base band, provided 
there is used a low pass filter of a sufficiently wide band without using the complementary filter in the orthogonal 

45 transformer/complementary filter 1 7. 

[0031] The correction parameters a'i, x'i. and G'i are subjected to the following conversion in the transformer 29: 



a" i =a , i/a'0 



x" i = x' i - x' 0 



55 



G" i = 0' i - G 1 0 provided i * 0 (8) 

[0032] As to the measurement signal Z(k), since the parameters of the 0 th channel are corrected by the expression 
(7), the parameters for correcting the 0 th ideal signal R 0 are normalized into the following values: 
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a"0=1 



x"0=0 



0"O=O 



10 [0033] The parameters for the ideal signal Ri of channels other than the 0 th channel are corrected by 0 th parameters 
as in the expression (8). 

[0034] That is, in the first repetition in the foregoing optimization step, correction for the measurement signal Z(k) is 
made using the correction parameters of the 0 th channel and therefore, as correction parameters used in the auxiliary 
data generator 26, there is used the expression (8) normalized by the parameters of the 0 th channel, i.e., a transformed 
15 output of the transformer 29. More particularly, the calculations of the expressions (1) to (5) are performed using pa- 
rameters which are conceivable in the expression (8) to determine auxiliary data Ai(k), Bi(k), Ci(k), H(k), and Hi(k). In 
these calculations for determining auxiliary data there are used bit data and amplitude a*i, the bit data being obtained 
as a result of demodulating Z(k) in the demodulator 25 after correction by the expression (7). 

[0035] Thus, both corrections described above are performed every time estimate values are obtained from the 
20 parameter estimator 27, and the estimation of parameters is again repeated until optimization of the estimate values, 
whereupon a power coefficient pi is calculated and determined as follows in a power coefficient calculator 31 , using 
measurement signal 2(k) and diffusion code (Walsh code) obtained at that instant: 




(9) 



The expression (9) is the same as the expression defined by the CDMA signal measurement standard and used in the 
prior art. 

35 [0036] The following calculation is performed in a transformer 32: 

a A = a' 



A t A i = t' i • x' 0 



A ft A i = 0! i - 6' 0 



A to A = oV (10) 

[0037] The parameters a A , Ax A i, A6 A i, AaA t a 0, and the power coefficient pi obtained in the power coefficient calculator 

so 31 are displayed on a calculation result display 33. 

[0038] As described above, the measurement signal 2(k) and the ideal signal Ri are corrected using estimated pa- 
rameters, and the estimation of parameters is again performed using both corrected signals until optimization of the 
estimated parameters. Since all the parameters are used in this optimization, all the parameters are optimized, and 
after the optimization, the power coefficient pi is determined using the measurement signal, so that the power coefficient 

55 pi can be obtained with a high accuracy. Other parameters are also determined with a high accuracy because the 
measurement signal is included in the optimization loop. 

[0039] In the CDMA signal waveform quality display system of the first embodiment, a noise coefficient calculator 
31 A is provided in the power coefficient calculator 31 to calculate a noise coefficient p Nj of each channel. Further, a 
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noise power display 33A is provided in the calculation result display 33, and the noise coefficient p Ni of each channel 
calculated in the noise power coefficient calculator 31 A is inputted to the noise power display 33A, allowing a noise 
power to be calculated. 

[0040] Signal power and noise power of each channel are calculated in the following manner. 

5 

Signal power W s = 10.0 x log 10 (pi) 

[0041] The value of pi is obtained in the foregoing expression (9). Although in the expression (9) there is shown an 
10 example in which Walsh code length is fixed to 64, Walsh length actually takes the values of 4, 8, 16, 32, 64, 128 : and 
256 for various channels. 

[0042] Noise power coefficient p Ni (code Domain Error) is calculated as follows using Zj-k and Ri j-k in the expression 
(9). 

[0043] The sum of channels in the ideal signal Ri is subtracted from the measurement signal Z to obtain an error 
'5 signal N. and a power coefficient is determined as follows with respect to the error signal N: 



20 



25 
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30 [0044] A noise power W N of i channel is calculated as follows: 

W N = 10.0x log 10 (p Ni ) 

35 [0045] The result of the calculation is stored in a memory in a pair with the signal power W s channel by channel. 
The values of signal power W s and noise power W N in each channel are graphed by a graph plotting means (included 
in the calculation result display 33) and written as a graph in an image memory. The values of signal power W s and 
noise power W N in all the channels are all stored in the image memory, whereby the states of all the channels are 
displayed on the display. 

40 [0046] Fig. 3 shows an example of the plotting. In the same figure, hatched portions (graphs) with solid lines represent 
signal powers W s of the channels, while dotted line portions (graphs) represent noise powers W N of the channels. As 
shown in the figure, signal-free channels are also measured for noise power and the results are displayed. The height 
(length) of each graph represents the signal power W s and noise power W N of each channel. The graphs of noise 
power W N underlie vertical (longitudinal) extension lines of the graphs of signal power W s . 

45 [0047]- in the channels 2. 4, 6, 8, 10 ; 12, ... , 30 there is no signal power W s and only the graphs of noise power W N 
are shown. 

[0048] The solid line and dotted line portions in Fig. 3 may actually be represented in different line colors in the case 
of a color display to make distinction in display between signal power W s and noise power W N . 

[0049] The symbol M in the figure stands for a marker. By moving the marker M to the portion whose measured value 
50 is to be known, it is possible to let the measured value at that position be displayed in a numerical value display column 
34. In the state of display shown in Fig. 3, the channel indicated by the marker M is "5", Walsh code length is 32, noise 
power CDE is -55.22 dBm, and signal power POWER is -32.29 dBm. 



Second Embodiment 

[0050] This second embodiment is different from the first embodiment in that bar graphs are arranged and displayed 
in accordance with Paley order. 

[0051] Fig. 4 is a block diagram showing the construction of a CDMA signal waveform quality display system ac- 
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cording to the second embodiment of the present invention. In this embodiment the same portions as in the first em- 
bodiment are identified by like reference numerals and explanations thereof will be omitted. 

[0052] The CDMA signal waveform quality display system of this second embodiment is further provided, in addition 
to the components described in the first embodiment, with a diffusion code length setting updating means 34A, a 
5 diffusion code number setting updating means 34B, a setting means 35 : a memory 33A\ a graphing means 33B ; and 
an image memory 33C. 

[0053] In accordance with diffusion code length L and diffusion code number i produced in the diffusion code length 
setting updating means 34A and the diffusion code number setting updating means 34B, the diffusion code generator 
20 generates a diffusion code PN corresponding to all the channels for each diffusion code length L, and with this 

10 diffusion code PN the demodulator 25 demodulates the signal of each channel at each diffusion code length. 

[0054] In this second embodiment there is added a construction in which the ideal signal generator 26 generates an 
ideal signal Ri from the data obtained by demodulation, and various parameters Aai, Axr, A9i, and Ato are produced in 
the parameter estimator 27 in accordance with the ideal signal Ri s then those parameters are fed back to the orthogonal 
transformer 1 7 for optimization processing, to afford a signal Z(k) with few errors. 

15 [0055] The signal Z(k) with few errors is inputted to the power coefficient calculator 31 , which in turn calculates power 
coefficients pi of the channels. The power coefficients pi thus calculated in the power coefficient calculator 31 and the 
parameters A ai-L,A A xi-L, A^i-L, A A a>, x0' outputted from the transformer 32 are stored in the memory 33A' in accordance 
with respective diffusion code lengths and diffusion code numbers. 

[0056] A setting means 35 sets a to-be-displayed channel (the channel of a signal transmitted by a communication 
20 device being measured) among all the channels stored in the memory 33A' and reads the power coefficient pi and 
parameters of the channel thus set. In this example, therefore, electric power of the channel set in the setting means 
35 is displayed on the calculation result display 33. 

[0057] Fig. 5 shows the operation of the diffusion code length setting updating means 34A and that of the diffusion 
code number setting updating means 34B and also shows in what state arithmetic processings are performed in various 
25 components. 

[0058] In step SP1 , Walsh code length as diffusion code length is initialized at L=4, then in step SP2, Walsh code 
(corresponding to channel number) as diffusion code number is set at i=0. 

[0059] In step SP3, an ideal signal Ri-L based on Walsh code length L=4 and Walsh code i=0 is produced in the 
ideal signal generator 26. 

30 [0060] In step SP4, parameters are estimated in the parameter estimator 27 in accordance with the ideal signal Ri-L 
and are then fed back to the orthogonal transformer 17 for optimization processing. Then, the power coefficient pi-L is 
calculated on the basis of the measurement signal 2(k) after optimization processing and the diffusion code produced 
in the diffusion code generator 20. 

[0061] In step SP5, the power coefficient pi-L calculated in step SP4 and other parameters A ai-L, A^i-L, A A 0i-L, A A <o, 
35 x0' are stored in the memory 33A\ At this time, the noise coefficient pNi is also stored in the memory 33A*. 

[0062] In step SP6, the value of Walsh code i is updated as i+1 , then in step SP7, the value of Walsh code length L 
and that of Walsh code i are compared with each other. If both disagree, the processing flow returns to step SP3. That 
is, in case of Walsh code length L=4, i=4 results from executing the steps SP3-SP7 four times, and the flow advances 
to step SP8. 

40 [0063] In step SP8, the value L of Walsh code length is doubled for updating to L=8. In step SP9, a check is made 
to see if the value L of Walsh code length has become larger than the maximum value 128. If the value L of Walsh 
code length has become larger than the maximum value 128, the flow returns to step SP2. 

[0064] In step SP2, initialization is made again to i=0 and the routine of steps SP3-SP7 is executed. With L=8, the 
routine of steps SP3-SP7 is executed eight times. In this eight-time execution, power coefficients pi-L, noise coefficients 
4 $ pNi , and parameters A ai, A A xi, A^i, A A io, xO' for eight channels of 0-7 defined for Walsh code length of L=8 are calculated 
and are stored in the memory 33A\ 

[0065] In this way the Walsh code length L is updated in the order of 4, 8, 16, 32. 64, and 128, and power coefficient 
pi-L, noise coefficient pNi, and parameters A ai, A A xi, A A 6i, A A u>, t0\ are stored in the memory 33A' for each channels 
determined by each Walsh code length L. 
50 [0066] If it is detected in step SP9 that the value L of Walsh length has exceeded the maximum value of 128, the 
processing flow branches to step SP10. 

[0067] In step SP10, a power coefficient of each channel is calculated from the Walsh code length as a desired 
diffusion code length set in the setting means 35 and also from an address which depends on the diffusion code number 
(Walsh code number), and a signal power of each channel is determined from the power coefficient pi thus obtained. 
55 [0068] Signal power Ws can be calculated as follows from the power coefficient pi-L: 

W s = 10.0xlog 10 (pi-L) 
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[0069] This conversion to electric power can be done in the graphing means 33B for example. How to obtain the 
noise power W N is the same as in the first embodiment, and also in this case the graphing means 33B may be utilized. 
[0070] Data converted to signal power and noise power can be graphed by the graphing means 33B ; but in this 
example the level of electric power is represented in terms of a strip-like display region (bar graph) channel by channel. 
5 Therefore, the length in Y-axis direction of the strip-like display region depends on the converted electric power value. 
In the present invention. Moreover, the width (in X-axis direction) of the strip-like display region is determined corre- 
spondingly to the diffusion code length L. 

[0071] In determining the said width ; the width of the display region of channel belonging to L=4 in diffusion code 

length L is selected to the largest width W. The width is made corresponding to the value of diffusion code length L so 
10 that the larger the value of L, the narrower the width, like 1/2 of the width W in b=4 in case of the diffusion code length 

L=8, further, 1/2 width thereof, 1/4 (W), in case of L=16, 1/2 width thereof, 1/8 (W), in case of L=32 By so doing it 

is possible to clearly display the relation of channel band widths given to the diffusion code lengths. 

[0072] Fig. 6 shows an example of the display in question. W4 shown in Fig. 6 represents a display region given in 

terms of the diffusion code number "I" in diffusion code length L=4. 
'5 [0073] W8 represents a display region given in terms of the diffusion code number 2 in diffusion code length L=8. 

[0074] W1 6 represents a display region given in terms of the diffusion code number 6 in diffusion code length L=1 6. 

[0075] W32 represents a display region given in terms of diffusion code number 23 in diffusion code length L=32. 

[0076] W64 represents a display region given in terms of diffusion code number 60 in diffusion code length L=64. 

[0077] W128 represents a display region given in terms of diffusion code number 0 in diffusion code length L=128. 
20 [0078] In Fig. 6, channel number and electric power are plotted along the axis of abscissa and the axis of ordinate, 

respectively. As shown at W4 in Fig. 6, it is preferable that a noise component graph underlie a signal component graph 

on an extension line of the length (height) of the latter graph, as in the first embodiment. This is also the same as the 

other display regions. 

[0079] From a read address of power coefficient which is read out of the memory 33A* the graphing means 33B can 
25 know the diffusion code length L to which the read power coefficient pi belongs. On the basis of the value of the diffusion 
code length L it is possible to determine the widths of the display regions W4, W8, W16, W32, W64, and W128. 
[0080] In the graphing means 33B, moreover, colors can be affixed to the display regions W4, W8, W16, W32, W64, 
and W128 in accordance with the diffusion code number of the power coefficient read from the memory 33A'. In the 
example of Fig. 6, the contour I ines of the display regions W4. W8, W16, W32, W64, and W128 may be colored in 
30 black, blue, green, dark blue, yellow, and red, respectively. The thus-colored image data are stored in the image memory 
33C and the thus-stored images are displayed on a display result display 33D. 

[0081 ] The present invention further proposes that in the graphing means 33B the display positions in X-axis direction 
of the display regions W5-W1 28 be not defined by the diffusion code numbers shown in Fig. 7 but defined in accordance 
with Paley order. 

35 [0082] Fig. 7 shows a relation between Walsh code length and Walsh code. L=4, L=8, L=16, ... shown in the left 
column represent Walsh lengths. At Walsh code length L=4, a predetermined band width AF is divided in four and four 
channels of 0, 1 , 2, and 3 are allocated thereto. The channel numbers 0, 1 , 2, and 3 of the four channels are given in 
terms of Walsh code numbers 0, 1 , 2, and 3. As is seen from Fig. 7, as Walsh code length becomes larger, the number 
of employable channels increases in a doubly increasing relation and an employable band width becomes narrower 

40 in decrements of 1/2. From this relation it will be seen that a short Walsh code length is allocated to a telephone set 
which handles a large volume of data to be transmitted, while a long Walsh code length is allocated to a telephone set 
which handles a small volume of data. In Fig. 7 Walsh code lengths 64 and 128 are omitted. 

[0083] According to Paley order, numbers are given in terms of bit numbers corresponding to Walsh code lengths 
as diffusion codes shown in Fig. 8A and the arrangement of bits obtained when the numbers are represented in binary 
45 js reversed. The numbers in such a reverse bit order become the numbers in Paley order. 

[0084] More specifically, Paley order is as shown in Fig. 8B relative to the arrangement of Walsh codes shown in 
Fig. 8A. Fig. 9A shows an ordinary order of Walsh codes and Fig. 9B shows Paley order. 

[0085] By defining the position on X axis of each channel in a multiplexed signal in accordance with Paley order, 
there accrues an advantage that there can be made display without overlapping of display regions as in Fig. 10. It is 
so preferable that signal component and noise component be displayed in display regions C1 and C2. This is the same 
as in the above description taken in connection with Fig. 6. 

[0086] This is for the following reason. In this type of a communication device, there is established a limitation so as 
to select channels in which diffusion codes are in an orthogonal relation for diminishing interference between channels. 
In case of selecting channels in accordance with the said limitation of channel selection, there arises a condition in 
55 which display regions overlap each other in display, as is illustrated in Fig. 11 . 

[0087] More specifically, in the case where there is displayed an electric power of a signal corresponding to a com- 
bination of code number 2 in Walsh code length L=4 and code number 4 in Walsh code length L=8, which combination 
is also a normal combination, the power displaying region C1 and C2 overlap each other as in Fig. 11. In this case, 
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the power display of code number 4 in Walsh code length L=8 is included within the display region C2 and it becomes 
uncertain whether a signal of the channel corresponding to code number 4 in Walsh code length L=8 is present or not. 

That is. there is a case where only the display region C2 appears to be present and there also is a case where 
signals appear to be present in both code numbers 4 and 5 of Walsh code length L=8 ? thus giving rise to the drawback 
5 that the measurement becomes indistinct. 

[0088] For remedying this drawback the present invention proposes that the display positions on X axis of the display 
regions W4—W128 be determined in accordance with Paley order 

[0089] Fig. 10 shows a state in which the overlapped state of both display regions C1 and C2 in Fig. 11 has been 
extinguished by making the display in accordance with Paley order. In case of the diffusion code length L=4, Paley 
10 order is like 0, 2, 1 , 3 in terms of diffusion code numbers as in Fig. 9B. This order of diffusion code numbers 0, 2, 1 , 3 
corresponds to channel numbers 0, 1,2, 3. 

[0090] On the other hand, with the diffusion code length L=8, Paley order is like 0, 4, 2, 6, 1, 5, 3, 7 as is apparent 
from Fig. 8B. 

[0091] The display region C1 shown in Fig. 11 displays an power of a signal which belongs to diffusion code number 
'5 4, and therefore, in accordance with Paley order the power is displayed in the position of channel No. 1 in L=8, as 
shown in Fig. 1 0. 

[0092] On the other hand, the display region C2 shown in Fig. 1 1 displays an electric power of a signal which belongs 
to diffusion code number 2 in L=4, and therefore, in accordance with Paley order the power is displayed in the position 
of channel No. 1 in L=4. 

20 [0093] As is seen from Fig. 10 : the display regions C1 and C2 do not overlap each other in display. In other words, 
channels selected in accordance with channel selecting conditions in a communication device (a portable telephone 
set) described previously never overlap in their channel positions when conversion is made into Paley order. 
[0094] The reason for this will now be described with reference to Fig. 12. Fig. 12 shows a state in which diffusion 
code numbers in diffusion code length L=0 has been re-arranged in accordance with Paley order. 

25 [0095] The channel selecting condition in a communication device is as follows: "A channel of a higher hierarchical 
level than the selected channel should not be selected." In this connection, it is apparent that when code number 1 in 
L=4 and code number 1 in L=8 are selected, the code relations are not orthogonal to each other. For example, in the 
case where a channel specified by code number 0 in L=4 is selected, it follows that channels specified by overlying 
code numbers 0, 4 in L=8, code numbers 0, 8, 4, 12 in L=16. and code numbers 0, 16, 8, 24, 4, 20, 12, 28 in L=32 do 

30 not satisfy the selection condition. 

[0096] Likewise, when there is used a channel specified by code number 6 in L=8, channels specified by overlying 
code numbers 6, 14 in L=16 and code numbers 6, 22, 14, 30 in L=32 do not satisfy the channel selecting condition. 

As is apparent from the above description, as to a channel selected in accordance with the channel selecting 
condition in a portable. telephone set, if a display position of the channel is specified in accordance with Paley order, 

35 there never occurs a positional overlap in display. 

[0097] This principle is also applicable to a method of determining a channel to be used in a base station for portable 
telephone. 

[0098] The above embodiments can be implemented in the following manner. In a computer provided with a CPU, 
a hard disk, and a media (e.g., floppy disk and CD-ROM) reader, the media reader is allowed to read a media which 
40 stores programs for implementing the foregoing components and the read data are installed in a hard disk. Even with 
such a method it is possible to implement the functions described above. 

[0099] According to the present invention, as set forth above, since both signal power and noise power of each 
channel in CDMA signal are measured at a time and the result of the measurement is displayed on one and same 
screen, so it is possible to know a signal-to-noise ratio (S/N) at a glance. As a result, for example in case of building 
^5 a base station for portable telephone and making a shipping inspection or in the event of failure of the base station 
which is in service, it is possible to detect immediately in which channel noise is occurring. Thus it is possible to provide 
a measuring instrument which is convenient for use. 



50 Claims 

1. A CDMA signal waveform quality display system comprising: 

an orthogonal transformer for orthogonal transformation of a digital measurement signal in each channel into 
55 a base band signal and correcting a carrier frequency error; 

a demodulator for demodulating the measurement signal in each channel corrected by said orthogonal trans- 
former to afford demodulated data and an amplitude value; 

an ideal signal generator for generating an ideal signal in each channel from said demodulated data, said 
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amplitude value, and estimated parameters; 

a parameter estimator for estimating various parameters in each channel from said ideal signal in each channel 
and the corrected measurement signal in each channel; 

an optimizing means which, using said estimated parameters, performs the correction in said orthogonal trans- 
5 former and the generation of the ideal signal in said ideal signal generator, further performing the processings 

in said demodulator and said parameter estimator, and which repeats said correction, demodulation, and es- 
timation until said estimated parameters are optimized: 

a power coefficient calculator which calculates a power coefficient of the measurement signal in each channel 
in the optimized state in said optimizing means; 
io a noise power coefficient calculator which calculates a noise coefficient channel by channel; and 

a calculation result display which determines a signal power and a noise power on the basis of the power 
coefficient in each channel calculated in said power coefficient calculator and the noise power coefficient in 
each channel calculated in said noise power coefficient calculator and which displays said signal power and 
noise power on one and same display. 



15 



2. A CDMA signal waveform quality display system comprising: 



a power measuring means for measuring a signal component power of a signal to be measured in a certain 
specific channel to be measured; 
20 a noise component power measuring means for measuring a noise component power of the signal to be 

measured in the channel to be measured; and 

a calculation result display means for displaying a graph having a length proportional to the value of said signal 
component power and a graph having a length proportional to the value of said noise component power in 
such a manner that in a longitudinal direction of one of said graphs there is disposed the other graph. 

25 

3. A CDMA signal waveform quality display system according to claim 2, wherein in the case where said channel to 
be measured is free of said signal component power, said calculation result display means displays the graph 
having a length proportional to the value of said noise component power. 

30 4. A CDMA signal, waveform quality display system according to claim 2 or claim 3, wherein said calculation result 
display means causes a marker to be displayed on a display surface and displays the value of said signal com- 
ponent power and of said noise component power in a position indicated by said marker. 

5. A CDMA signal waveform quality display system according to claim 2, wherein said calculation result display means 
35 displays said graphs in such an arranged state of the graphs as avoids overlapping of the graphs, said graphs 

each having a width corresponding to a band width which is determined by a diffusion code length corresponding 
to the channel to be measured. 

6. A CDMA signal waveform quality display system according to claim 5, wherein said calculation result display means 
40 displays said graphs in such a state as the graphs are arranged in accordance with Paley order to avoid overlapping 

of the graphs. 

7. A CDMA signal waveform quality display method comprising: 

45 an orthogonal transformation step for orthogonal transformation of a digital measurement signal in each chan- 

nel into a base band signal and correcting a carrier frequency error; 

a demodulating step for demodulating the measurement signal in each channel corrected by said orthogonal 
transformation step to afford demodulated data and an amplitude value; 

an ideal signal generating step for generating an ideal signal in each channel from said demodulated data, 
50 said amplitude value, and estimated parameters; 

a parameter estimating step for estimating various parameters in each channel from said ideal signal in each 
channel and the corrected measurement signal in each channel; 

an optimizing step which, using said estimated parameters, performs the correction in said orthogonal trans- 
formation step and the generation of the ideal signal in said ideal signal generating step, further performing 
55 the processings in said demodulating step and said parameter estimating step., and which repeats said cor- 

rection, demodulation, and estimation until said estimated parameters are optimized; 

a power coefficient calculating step which calculates a power coefficient of the measurement signal in each 
channel in the optimized state in said optimizing step; 
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a noise power coefficient calculating step which calculates a noise coefficient channel by channel; and 
a calculation result display step which determines a signal power and a noise power on the basis of the power 
coefficient in each channel calculated in said power coefficient calculating step and the noise power coefficient 
in each channel calculated in said noise power coefficient calculating step and which displays said signal 
5 power and noise power on one and same display. 

8. A CDMA signal waveform quality display method comprising: 

a power measuring step for measuring a signal component power of a signal to be measured in a certain 
10 specific channel to be measured; 

a noise component power measuring step for measu ring a noise component power of the signal to be measured 
in the channel to be measured; and 

a calculation result display step for displaying a graph having a length proportional to the value of said signal 
component power and a graph having a length proportional to the value of said noise component power in 
15 such a manner that in a longitudinal direction of one of said graphs there is disposed the other graph. 

9. A program of instructions for execution by the computer to perform a CDMA signal waveform quality display 
processing, said CDMA signal waveform quality display processing comprising: 

20 an orthogonal transformation process for orthogonal transformation of a digital measurement signal in each 

channel into a base band signal and correcting a carrier frequency error; 

a demodulating process for demodulating the measurement signal in each channel corrected by said orthog- 
onal transformation process to afford demodulated data and an amplitude value; 

an ideal signal generating process for generating an ideal signal in each channel from said demodulated data, 
25 said amplitude value, and estimated parameters; 

a parameter estimating process for estimating various parameters in each channel from said ideal signal in 
each channel and the corrected measurement signal in each channel; 

an optimizing process which, using said estimated parameters, performs the correction in said orthogonal 
transformation process and the generation of the ideal signal in said ideal signal generating process, further 
30 performing the processings in said demodulating process and said parameter estimating process, and which 

repeats said correction, demodulation, and estimation until said estimated parameters are optimized; 
a power coefficient calculating process which calculates a power coefficient of the measurement signal in each 
channel in the optimized state in said optimizing process; 

a noise power coefficient calculating process which calculates a noise coefficient channel by channel; and 
35 a calculation result display process which determines a signal power and a noise power on the basis of the 

power coefficient in each channel calculated in said power coefficient calculating process and the noise power 
coefficient in each channel calculated in said noise power coefficient calculating process and which displays 
said signal power and noise power on one and same display. 

40 10. A program of instructions for execution by the computer to perform a CDMA signal waveform quality display 
processing, said CDMA signal waveform quality display processing comprising: 

a power measuring process for measuring a signal component power of a signal to be measured in a certain 
specific channel to be measured; 
45 a noise component power measuring process for measuring a noise component power of the signal to be 

measured in the channel to be measured; and 

a calculation result display process for displaying a graph having a length proportional to the value of said 
signal component power and a graph having a length proportional to the value of said noise component power 
in such a manner that in a longitudinal direction of one of said graphs there is disposed the other graph. 

50 

11. A computer-readable medium having a program of instructions for execution by the computer to perform a CDMA 
signal waveform quality display processing, said CDMA signal waveform quality display processing comprising: 

an orthogonal transformation process for orthogonal transformation of a digital measurement signal in each 
55 channel into a base band signal and correcting a carrier frequency error; 

a demodulating process for demodulating the measurement signal in each channel corrected by said orthog- 
onal transformation process to afford demodulated data and an amplitude value; 

an ideal signal generating process for generating an ideal signal in each channel from said demodulated data, 
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said amplitude value, and estimated parameters; 

a parameter estimating process for estimating various parameters in each channel from said ideal signal in 
each channel and the corrected measurement signal in each channel: 

an optimizing process which, using said estimated parameters, performs the correction in said orthogonal 
5 transformation process and the generation of the ideal signal in said ideal signal generating process, further 

performing the processings in said demodulating process and said parameter estimating process, and which 
repeats said correction., demodulation, and estimation until said estimated parameters are optimized; 
a power coefficient calculating process which calculates a power coefficient of the measurement signal in each 
channel in the optimized state in said optimizing process; 
10 a noise power coefficient calculating process which calculates a noise coefficient channel by channel; and 

a calculation result display process which determines a signal power and a noise power on the basis of the 
power coefficient in each channel calculated in said power coefficient calculating process and the noise power 
coefficient in each channel calculated in said noise power coefficient calculating process and which displays 
said signal power and noise power on one and same display. 

75 

12. A computer-readable medium having a program of instructions for execution by the computer to perform a CDMA 
signal waveform quality display processing, said CDMA signal waveform quality display processing comprising: 

a power measuring process for measuring a signal component power of a signal to be measured in a certain 
20 specific channel to be measured 

a noise component power measuring process for measuring a noise component power of the signal to be 
measured in the channel to be measured; and 

a calculation result display process for displaying a graph having a length proportional to the value of said 
signal component power and a graph having a length proportional to the value of said noise component power 
?5 in such a manner that in a longitudinal direction of one of said graphs there is disposed the other graph. 
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Fig. 5 
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Fig. 8 
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